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Abstract
Background: Exercise has been prescribed in the treatment and control of dyslipidemias and
cholesterolemia, however, lipid responses to different training frequencies in hypercholesterolemic
men have been inconsistent. We sought to verify if different frequencies of continuous moderate
exercise (2 or 5 days/week, swimming) can, after 8 weeks, promote adaptations in adipocyte area
and lipid parameters, as well as body weight and relative weight of tissues in normo and
hypercholesterolemic adult male rats.
Methods: Normal cholesterol chow diet or cholesterol-rich diet (1% cholesterol plus 0.25% cholic
acid) were freely given during 8 weeks to the rats divided in 6 experimentals groups: sedentary
normal cholesterol chow diet (C); sedentary cholesterol-rich diet (H); 5× per week continuous
training normal cholesterol chow diet (TC5) and cholesterol-rich diet (TH5); 2× per week
continuos traning normal cholesterol chow diet (TC2) and cholesterol-rich diet (TH2).
Results: No changes were observed in lipid profile in normal cholesterol chow diet, but both 2 a
5 days/week exercise improved this profile in cholesterol-rich diet. Body weight gain was lower in
exercised rats. Decrease in retroperitoneal and epididymal relative weights as well as reductions
in adipocyte areas under all diets types were observed only in 5 days/week, while 2 days/week
showed improvements mainly in cholesterol-rich diet rats.
Conclusion: Our results confirm the importance of exercise protocols to control dyslipidemias
and obesity in rats. The effects of 5 days/week exercise were more pronounced compared with
those of 2 consecutive days/week training.
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Although vital to the body as a structural component of
membranes and for the biosynthesis of steroid hormones,
cholesterol exceeding ideal limits can result in several
health problems such as: atherosclerosis (which can cause
angina, strokes, and heart attacks), dyslipidemias, obesity,
etc, leading to death in some cases [1-3]. It is known that
the body can obtain cholesterol through exogenous
sources and that humans are capable of endogenous syn-
thesis. Most dyslipidemias and hypercholesterolemia are
regarded as consequences of hypoactivity and bad eating
habits caused by a lifestyle characterized by fat-rich diets
and high cholesterol levels [4]. On the other hand,
increased exercise practice, mainly continuous and aero-
bic, is considered one of the fundamentals in preventing
and treating these diseases [5,6]. Coronary risk is twice as
large in sedentary people than it is in those who are active;
furthermore, physical inactivity can contribute to arterial
hypertension and low levels of high density lipoprotein
cholesterol (HDL-c) and hypertriglyceridemia, factors
associated with atherosclerotic diseases. In contrast, exer-
cise can raise aerobic fitness levels and improve lipid oxi-
dative capacity. It can prevent coronary heart diseases
(CHD) by decreasing adipocyte volume, and plasmatic
concentrations of insulin, triglycerides, and low density
lipoprotein (LDL-c), while increasing HDL-c [7,8]. Fur-
thermore, the few available studies reporting lipid and
lipoprotein responses to exercise training in hypercholes-
terolemic men indicate that reductions in total cholesterol
(TC) and triglycerides (TG), as well as elevations in HDL-
C are also possible. These results are somewhat similar to
those reported in normolipidemic subjects; however,
lipid responses to exercise training and different training
frequencies in hypercholesterolemic men have been
inconsistent and, at present, there are too few studies from
which to draw general conclusions [9].
Thus, despite several studies on dyslipidemias and obesity
control, sedentary habits associated with consumption of
high-cholesterol diets continue to cause negative effects
on public health, mainly in adult males. To contribute
towards reverting this situation, we have compared for the
first time the effect of 5 or 2 days/week consecutive exer-
cise days on adult male rats feed with normal cholesterol
chow diet and cholesterol-rich diet to see whether these
different frequencies of continuous moderate exercise
could promote adaptations in the adipocyte area and lipid
parameters.
Results
Total food intake increased statistically in all cholesterol-
rich diet groups compared to control groups (Table 1).
There were no significant differences between sedentary
and trained groups or between different frequencies of
exercise in rats fed with the same diet.
However, sedentary cholesterol-rich diet rats showed sig-
nificant increase in body weight gain (Table 1, CxH°).
Five days/week exercise in both control and the choles-
terol-rich diet group effectively decreased statistically
body weight gain, whereas 2 days/week exercise was only
effective in body weight gain reduction in cholesterol-rich
diet rats. Comparing exercise frequencies, significant
body-weight gain modification was only observed in con-
trol rats trained 5 days/week.
A significant TC and plasma TG is noted higher in com-
paring the H (108.70 ± 5.22 °; 177.83 ± 15.78 °) to the C
group (62.17 ± 3.07; 122.67 ± 15.09) (Table 2). Both con-
tinuous 5 and 2 days/week exercise frequencies were able
to promove lower TC and TG in rats submitted a choles-
terol-rich diet (*). These results were not observed in con-
trol rats, for whom different frequencies of exercise
presented no dietary-related difference.
Table 3 shows that LIV and GAST relative weights in no sit-
uation suffered significant change because of diet or exer-
cise.
Moderate continuous 5 days/week exercise significantly
decreased EPI and RET relative weight in both diets when
compared to respective sedentary groups on the same diet,
while 2 days/week exercise (TC2) presented a decreased in
RET and EPI when compared to sedentary control group
(C), only in a cholesterol-rich diet.
Both 5 and 2 days/week exercise were effective in increas-
ing BAT relative weight. However, the TH2 group showed
no enhancement similar to that of the TH5 (+) and TC2(°)
groups and, in response to the different diets, we found
that the EPI relative weight in the hypercholesterolemic
groups showed a decrease when compared to control
groups (°) (Table 3).
Table 4 shows a significant increase in RET adipocyte area
in H rats (°) when compared to the control group (C). The
same change was not observed for EPI.
Continuous moderate 5 days/week exercise resulted in
significantly decreased RET and EPI adipocyte area in both
diets (*). We further observed that TH5 (°) group experi-
enced a significant reduction in RET adipocyte area com-
pared to TC5 group. Again, this was not the case for EPI.
No differences in values appeared for the RET adipocyte
area when the TC2 group was compared to the C group,
however, we found a significant difference when TC5 was
compared to the TC2 group (+). On the other hand, the
TH2 group presented a significant decrease when com-
pared to H (*) as well as to the TC2 group (°) in RET and
EPI adipocyte areas (Table 4).Page 2 of 8
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Nutrition as well as exercise is known to play an impor-
tant role in the etiology of hyperlipidemias, atherosclero-
sis, and metabolic disorders. In this study, we found that
rats fed with cholesterol-enriched diet food intake values
was higther than when compared to normal cholesterol
chow diet groups (°) (Table 1). This data suggests that a
diet enriched in cholesterol and cholic acid is more palat-
able then a normal cholesterol chow diet. Several studies
have shown that a fat- and cholesterol-intake increase
depends on social and cultural habits and lifestyle. It is
also known that a strong correlation exists between this
food type and lesser satiety coupled with greater palatabil-
ity, which can result in much greater food intake and con-
sequent dyslipidemias and/or obesity [4,10].
In addition, Table 1 demonstrates that a cholesterol-rich
diet can significantly (H and TH5°) or relatively (TH2)
increase body-weight gain, probably because of increased
food (and, therefore, calory) intake, which because of the
additional cholesterol with its properties, can cause dysli-
pidemias and obesity. However, 5 days/week continuous
exercise both for normo or cholesterol-rich diet was effec-
tive to decrease weight gain. Two days/week exercised rats
was effective only for the cholesterol-rich diet group, sug-
gesting greater efficacy of the 2 consecutive times per week
exercise protocol on hypercholesterolemia that for the
normal cholesterol chow diet situation.
Comparing exercise frequencies we only verified modifi-
cation in body-weight gain in normal cholesterol chow
diet rats trained 5 days/week (+), since in this specific sit-
uation normal cholesterol chow diet rats trained 2 days/
week experienced no body-weight decrease.
The food intake and body-weight gain results are very sim-
ilar to those found by Deschaies et al. (1983) [10], that
showed that exercise-trained rats ingested the same
amount of calories as their sedentary counterparts, while
the animals fed with a palatable diet consumed signifi-
cantly more calories than the chow-fed groups.
Several animal and human studies have confirmed the
hypercholesterolemic properties of a cholesterol diet,
which include increasing TC, TG, and alterations in the
lipoprotein pattern, the mechanisms of which remain
under study [11-14]. In our study, we found that choles-
terol diet was effective in significantly increasing TC and
the TG fraction when comparing the H to the C group (°)
but no significant differences were found for the HDL-c
fraction.
Table 1: Body weight gain (%) and total food intake (g) in normal cholesterol chow diet and cholesterol-rich diet rats submitted to 
continuous moderate training (5 or 2 consecutive days/week) during 8 weeks
Group/Tissue Total Food Intake (g) Body Weight Gain (%)
C 1108 ± 55.05 64.06 ± 4.18
TC5 1127 ± 34.73 36.58 ± 2.88 *+
TC2 1034 ± 55.70 60.98 ± 3.01
H 1405 ± 33.64 ° 94.86 ± 3.64 °
TH5 1347 ± 23.19 ° 68.35 ± 3.53 *°
TH2 1252 ± 31.22 ° 72.20 ± 4.38 *
* p ≤ 0.05 comparing trained × sedentary groups; +p ≤ 0.05 comparing 5 × 2 days/week exercised groups; ° p ≤ 0.05 comparing normal cholesterol 
chow diet × cholesterol-rich diet groups. Sedentary control (C) and cholesterol-rich diet group (H); 5 and 2× per week continuous training control 
(TC5) (TC2); 5 and 2× per week continuous training cholesterol-rich diet group (TH5) (TH2).
Table 2: Lipid parameters in normal cholesterol chow diet and cholesterol-rich diet rats submitted to continuous moderate training (5 
or 2 consecutive days/week) during 8 weeks
Tissue/Group Total Cholesterol (mg/dl) Triglycerides (mg/dl) HDL-cholesterol (mg/dl)
C 62.17 ± 3.07 122.67 ± 15.09 18.67 ± 1.76
TC5 60.62 ± 3.11 127.00 ± 11.97 22.87 ± 1.27
TC2 66.12 ± 1.75 145.83 ± 4.70 23.57 ± 1.17
H 108.70 ± 5.22 ° 177.83 ± 15.78 ° 20.00 ± 1.26
TH5 78.00 ± 3.60 * 117.00 ± 12.40 * 24.85 ± 1.84
TH2 86.00 ± 4.43 *° 105.25 ± 4.99 * ° 24.42 ± 1.28
* p ≤ 0.05 comparing trained × sedentary groups; +p ≤ 0.05 comparing 5 × 2 days/week exercised groups; ° p ≤ 0.05 comparing normal cholesterol 
chow diet × cholesterol-rich diet groups. Sedentary control (C) and cholesterol-rich diet group (H); 5 and 2× per week continuous training control 
(TC5) (TC2); 5 and 2× per week continuous training cholesterol-rich diet group (TH5) (TH2).Page 3 of 8
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interplay of cholesterol absorption, synthesis, storage,
and excretion. In human beings, plasma cholesterol levels
may increase moderately through cholesterol addition to
a baseline cholesterol-free diet. In rats, on the other hand,
control mechanisms prevent a disturbance in homeostasis
by reducing the body's cholesterol synthesis and by
increased conversion of cholesterol to bile acids, leading
to only a minor elevation of serum cholesterol after a
feeding of large cholesterol quantities of [15]. However,
cholic acid addition to the diet caused an increase in
plasma total cholesterol levels, leading to other metabolic
disorders and dyslipidaemias. In other words, the use of
cholic acid to induce hypercholesterolemia by a choles-
terol-diet in rats is essential, since cholic acid promotes
cholesterol absorption, which was clearly shown in this
study by the increase in the TC fraction (C × H°).
The significant TG plasma-concentration increases dem-
onstrated in this study by the H group in comparison to
the C group cannot be attributed only to the increase in
cholesterol as primary source for the subsequently high
TG synthesis, but probably also because of increased food
intake. In studying the source of free fatty acids (FFA) and
the pathways contributing to the accumulation of neutral
fats, Liu et al. (1995) [11] showed a TG excess accumu-
lated in livers of rats fed with a cholesterol-enriched diet
(1% cholesterol in the diet for four weeks), the result of
increased synthesis and decreased secretion of TG. Exer-
cise has been widely recommended as an effective and
non-pharmacological method for reducing CHD inci-
dence, overall mortality, high blood pressure, as well as
improving insulin resistance.
In this study, moderate continuous training, both 5 and 2
days/week, showed a statistical decrease in TC and TG lev-
els in hypercholesterolemic, but not in normal cholesterol
chow diet rats, suggesting greater efficacy of exercise in
hypercholesterolemic situation. These data become more
significant if we consider that a 1% decrease in plasma
cholesterol can decrease by 2% the CHD mortality index
[16]. Furthermore, in hypercholesterolemic rats both exer-
cise frequencies (5 and 2 days/week) brought TC and TG
concentrations closer to the values observed for the C
group, but no significant differences were observed in the
HDL fraction comparing different diets or exercise fre-
quencies. These results are even better considering the
existing consensus about increasing HDL-c fraction as a
means of improving lipid profile [3,10,17].
Our results are very similar to others reported in the liter-
ature. Yan et al. (1997) [18], showed that sedentary rats
Table 3: Relative weight of liver (LIV), gastrocnemius (GAST), retroperitoneal (RET) and epididymal (EPI) adipose tissue, and brown 
adipose tissue (BAT) in normal cholesterol chow diet and cholesterol-rich diet rats submitted to continuous moderate training (5 or 2 
consecutive days/week) during 8 weeks
Tissue/Group LIV (%) GAST (%) RET (%) EPI (%) BAT (%)
C 3.73 ± 0.07 0.48 ± 0.01 0.87 ± 0.06 1.23 ± 0.05 0.04 ± 0.01
TC5 3.67 ± 0.09 0.48 ± 0.01 0.51 ± 0.05 * 0.88 ± 0.03 * 0.12 ± 0.01 *
TC2 3.83 ± 0.11 0.49 ± 0.01 0.78 ± 0.06 1.18 ± 0.05 0.11 ± 0.01 *
H 4.69 ± 0.08 0.49 ± 0.01 1.09 ± 0.17° 0.90 ± 0.08 ° 0.06 ± 0.01
TH5 3.92 ± 0.10 0.49 ± 0.01 0.64 ± 0.04 * 0.60 ± 0.03 *° 0.13 ± 0.01 *
TH2 3.92 ± 0.10 0.48 ± 0.01 0.79 ± 0.05* 0.68 ± 0.03 *° 0.08 ± 0.01 *+o
* p ≤ 0.05 comparing trained × sedentary groups; +p ≤ 0.05 comparing 5 × 2 days/week exercised groups; ° p ≤ 0.05 comparing normal cholesterol 
chow diet × cholesterol-rich diet groups. Sedentary control (C) and cholesterol-rich diet group (H); 5 and 2× per week continuous training control 
(TC5) (TC2); 5 and 2× per week continuous training cholesterol-rich diet group (TH5) (TH2).
Table 4: Retroperitoneal (RET) and epididymal (EPI) adipocyte area in normal cholesterol chow diet and cholesterol-rich diet rats 
submitted to continuous moderate training (5 or 2 consecutive days/week) during 8 weeks
Tissue RET μm2 EPI μm2
C 14619 ± 591.47 14809 ± 626.37
TC5 12115 ± 534.62 * 8413.9 ± 267.49 *
TC2 14768 ± 678.49 + 16594 ± 766.18 *+
H 17058 ± 565.45 ° 13059 ± 385.89
TH5 9243.6 ± 291.99 *° 8121.5 ± 218.36 *
TH2 11830 ± 414.32 *+° 11065 ± 334.52 *+°
* p ≤ 0.05 comparing trained × sedentary groups; +p ≤ 0.05 comparing 5 × 2 days/week exercised groups; ° p ≤ 0.05 comparing normal cholesterol 
chow diet × cholesterol-rich diet groups. Sedentary control (C) and cholesterol-rich diet group (H); 5 and 2× per week continuous training control 
(TC5) (TC2); 5 and 2× per week continuous training cholesterol-rich diet group (TH5) (TH2).Page 4 of 8
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TC compared with sedentary normal cholesterol chow
diet rats, and rats fed on a high-cholesterol diet combined
with continuous exercise had lower TC and higher HDL-c
levels than sedentary hypercholesterolemic rats. Ensign et
al. (2002) [19], demonstrated a significant drop in plasma
TG concentrations, higher HDL-c levels, and lower plasma
free fatty acids in a trained guinea pig group (7-week train-
ing program, 5 days/wk, 30–40 min per session) com-
pared to a non-exercised group.
These studies, like ours, reveal a significant influence of
moderate continuous exercise on lipids and lipoprotein
fraction concentrations and composition, implying that
exercise may enhance HDL-c fractions, and utilization
and degradation of triglycerides and cholesterol, which
increases the uptake of low-density lipoprotein and low-
ers plasma lipid levels, consequently underlining the role
of exercise in the treatment and risk reduction of hyperc-
holesterolemia and obesity [20-22].
In this study we found that even in normal cholesterol
chow diet or cholesterol-rich diet situations, both exercise
frequencies were effective in significantly decreasing EPI
and RET relative weights, when compared to the sedentary
groups. To cite only the TC2 group, we found a percentage
drop of 10.34% and 4.06% for RET and EPI tissues respec-
tively, when compared to the C group. Again, these results
imply that continuous 2 days/week training is more effec-
tive in controlling fat accumulation in the hypercholeste-
rolemic than in the normal cholesterol chow diet
situation. In addition, other studies have found similar
results for 5 days/week exercise protocols [23,24] but not
for the 2 days/week training protocol, which may be
important since a considerable adipose mass loss follow-
ing a training period is a strong component in decreasing
risk of CHD development in male adults [25].
It is known that hypercholesterolemic or high fat diets can
promote enhancement of lipid synthesis and accumula-
tion, which regular moderate exercise can minimize or
control by causing an elevation in resting metabolic rate,
lipid oxidation and degradation, as well as lipogenesis
decrease [22,26].
Specifically as a result of the different diets used, we fur-
ther noted that the relative weight of EPI in the H group
remained the same in comparison with the C group. This
result was unexpected since we had believed that choles-
terol-rich diets could indirectly increase fat synthesis and
accumulation, as was the case with RET tissue.
Both exercise frequencies statistically increased BAT rela-
tive weight. However, these changes were more pro-
nounced in the groups that swam 5 days/week. Brown
adipose tissue is known to be essential tissue in the mam-
malian thermogenic process. Several studies have ques-
tioned the hypothesis that exercise alone is enough to
cause changes in this tissue, however, there is general
agreement on the probability of changes occurring if exer-
cise includes body-temperature maintenance, as does
swimming [7,27]. Thus, the results found in this study
agree with those of other studies such as that of Ueno e.
al. (1997) [27], which showed that swimming training (1
h/day, 5 days/week, 6 weeks) significantly increased BAT
mass and its protein content and indicating hypertrophy
in both lean and obese mice,.
Liver and gastrocnemius relative weight changed signifi-
cantly in none of the situations in response to exercise or
diet. The reverse held for the GAST situation because a
cholesterol-rich diet does not seem to enhance protein
synthesis. Furthermore, using relative weight tissues mus-
cle weight increase was compensated for increased total
body weight. Similar results were found by Tulp & Jones
(1987) [28] who, in studying the effects of increased
energy expenditure on weight gain and adiposity in rats,
demonstrated that exercise (less than 4 hr/day) produced
no effect on the weight of either muscle tissue in lean or
pre-obese rats.
Our results show that a cholesterol-rich diet increased sig-
nificantly the adipocyte area in RET tissue of sedentary rats
when compared to that of the respective control group,
however, this was not the case for EPI. Although not an
expected result, it agrees with EPI relative weight results
showing no increase in sedentary hypercholesterolemic
rats compared to the respective control group (Table 3).
Furthermore, other studies using adult male rats have ver-
ified regional differences in the RET and EPI adipocyte
area, with the EPI area proving smaller than the RET,
which is a more central fat-pad then is EPI [29,30].
Lipid structure, composition, and configuration, in addi-
tion to excessive fat and cholesterol consumption, affect
the lipid profile in plasma, as well as fat tissue deposition
and gene expression of lipoproteins and their receptors
[12]. It is known a cholesterol-rich diet can cause changes
in lipid metabolism that result in dyslipidemias and prob-
ably a consequent increase in synthesis, storage, and accu-
mulation of lipids in adipocytes. In the early of 70ths, in
studying the regulation of cholesterol synthesis and stor-
age in fat cells, Kovanen et al. (1975) [31] showed that rats
fed on a high cholesterol diet presented a significant
increase in serum and liver cholesterol. Thus, the choles-
terol synthesis rate in fat cells was found to increase in
close correlation with cell size. However, an increase in
the TG fraction and its consequent incorporation into fat
cells has also been shown to increase in a rough correla-
tion with cell size. These results agree with a recent studyPage 5 of 8
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high cholesterol and fat amount in the diet induced adi-
pose-tissue enlargement.
In this study, continuous exercise of 5 consecutive days/
week resulted in a significant decrease in RET and EPI adi-
pocyte area in both diets (*), while 2 consecutive days/
week exercise showed a decrease only for the hypercholes-
terolemic group, again indicating favorable adaptations
for this exercise frequency in a hypercholesterolemic situ-
ation. Fat oxidation is one of the lipid metabolism adap-
tations resulting from moderate continuous exercise. This
adaptation occurs because the high-energy demand result-
ing from long-term exercise duration stimulates the
release of the catabolic hormones that degrade lipids for
use as an energy source [33].
Some studies observing the effects of 5 consecutive days/
week swimming exercise in adult male rats report signifi-
cant decrease in RET and EPI adipocyte area and diameters
[23,30], but no mention was made of 2 consecutive days/
week exercise frequency. Adipocyte area results generally
showed that continuous training exercise (both 5 and 2
days/week) can promote a significant decrease in RET and
EPI adipocyte area, mainly in hypercholesterolemic situa-
tions; however, the effects of 5 consecutive days/week
training were more pronounced compared to those of 2
days/week training (+) (Table 4).
Conclusion
The results found in this study show that moderate con-
tinuous exercise (both 5 and 2 consecutive days/week)
can result in positive adaptations in adipocyte area and
lipid parameters in normo- and hypercholesterolemic
adult male rats. However, 5 d/wk traning promove more
pronounced adaptations to contribute in preventing and
controling hypercholesterolemia, dyslipidemias, and
obesity.
Methods
Animals
Thirty-six adult male Wistar rats, weighing 220 ± 10 g and
purchased from the Central Biotery of the Federal Univer-
sity of São Carlos, were housed in individual cages. The
animals were kept at environmental temperature (23 ±
2°C) in a 12 h light/dark controlled room and randomly
divided into six groups of six animals as follows: seden-
tary control (C) and cholesterol-rich diet group (H); 5×
per week continuous training control (TC5) and choles-
terol-rich diet group (TH5); 2× per week continuous train-
ing control (TC2) and cholesterol-rich diet group (TH2).
This research was conducted in conformity with the Pub-
lic Health Service (PHS) Policy on Humane Care and Use
of Laboratory Animals. The Ethics Committee of the Fed-
eral University of São Carlos approved this protocol.
Experimental procedure
After 8 weeks of treatment and training the animals were
decapitated 24 hours after the last exercise session. Trunk
blood collected in a heparinized tube was centrifuged for
15 min. at 2500 rev./min. Retroperitoneal and epididy-
mal white adipose tissues, brown adipose tissue, liver, and
gastrocnemius muscle were immediately removed,
weighed, and frozen at -20° C for later biochemical and
morphological analyses.
The relative weight of the tissues was calculated as follows:
Relative Weight (%) = (total weight of tissue/weight of 
rats) × 100
Diet composition
Control diet
For standardization and definition of the average amount
ingested by a group of adult male rats, two groups of 8 rats
were previously kept sedentary for eight weeks in the same
experimental conditions as those used for the present
study. This procedure resulted in determining a control
diet (NUVILAB®) containing 3.78 kcal/g., of which was
offered to each group (C, TC5, TC2) 40 g/day, totaling
151.2 kcal/day.
Cholesterol-rich diet
The cholesterol-rich diet was prepared by adding to the
standard diet (1%) 0.15% (p/p) of cholesterol Sigma®C
8503 diluted in ethyl ether P.A. stabilized with 10 ppm of
butil hidroxi-tolueno-BHT, according to ROSSI et al.
(2000) [34]. To make sure that the cholesterol would be
absorbed, cholic acid Sigma®C 1254 (0.25%) diluted in
absolute methanol Anhidro P.A. was also added. This diet
was used from the beginning of the experimental period,
for the purpose of inducing a hypercholesterolemic situa-
tion in the H, TH5, and TH2 groups.
Exercise protocol
Part of the animals were submitted to continuous moder-
ate aerobic exercise (swimming) either 5 consecutive
times a week (TC5 and TH5 groups) or 2 consecutive
times a week (TC2 and TH2 groups) during an 8-week
period. This was done in individual tanks (50 cm in
height × 30 cm in diameter) in which the water tempera-
ture was maintained between 32–36° C and changed
daily. A load of 5% in relation to rat body weight was tied
on the tail to prevent floating and force activity through-
out the period stipulated for the session. This load was
recalculated weekly, following the procedure standard-
ized by Dâmaso (1996) [7].
Adaptation time in accordance with the load and volume
principles of training was as follows: on day 1 the rats
swam for 30 minutes without load addition; day 2, thirtyPage 6 of 8
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without load; day 4 and throughout the remaining days,
an hour and a half with load (Dâmaso,1996) [7]. All rats
adapted to the conditions imposed.
Weight control and food intake
Body weight and food intake of each animal were deter-
mined daily during the 8 weeks. Body weight gain, that
means the percentage of increment of the initial body
weight, was calculated by:
Body weight gain (%) = ((final weight – initial weight)/
final weight) × 100
Food intake was defined as the weight difference between
food offered and leftovers. The values obtained for each
variable were taken during the whole experimental period
and kept in individual records.
Plasma metabolites
Plasma was used to measure triglycerides (TG), total cho-
lesterol (TC), and HDL-cholesterol. For these measure-
ments we used commercial kits from Labtest Diagnostic
S.A®, according to Guerrra et al. (2002) [35].
Adipocyte area determination
A fragment (100 mg) of retroperitoneal adipose tissue
(RET) and epididymal adipose tissue EPI was separated
and fixed in 0.2 M collidine buffer (pH 7.4) containing
2% of osmium tetroxide at 37°C. After 48 hours, they
were washed with warmed saline, taken out, and spread
on a plate as described by Hirsch & Gallian (1968) [36].
The adipocyte area was measured in different cells from
the same tissue (EPI and RET) around 50 times using
image analysis software (Image Pro Plus, KS-300, from
Carl Zeiss) and expressed as μm2. The cells were randomly
chosen and the analyser did not know to which group the
cells belonged.
Statistical analysis
Data were analyzed using two-way ANOVA to test: differ-
ences between exercised × sedentary animals fed on the
same diet (*); differences in frequencies of exercise (5 × 2
times per week) in animals fed with the same diet (+); dif-
ferences between the two diets (normal cholesterol chow
diet × cholesterol-rich diet) at the same exercise frequency
(°), following the Tukey-Kramer multiple comparison
test. Statistic power was calculated and showed be above
0.8 for all cases.
Abreviations
BAT = Brown Adipose Tissue
C = Sedentary Control Group
CHD = Coronary Heart Disease
EPI = Epididymal Adipose Tissue
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TG = Triglycerides
TH2 = 2× per week Continuous Training Cholesterol-rich
Diet Group
TH5 = 5× per week Continuous Training Cholesterol-rich
Diet Group
Authors' contributions
RLFG: have been involved in design, data collected, draft-
ing the manuscript and revising it critically for important
intellectual content.
WLP, JPB, FPV, NCC: have been involved in data collected
and drafting the manuscript.
LCV, IZC, EAR: have been involved in revising it critically
for important intellectual content.
ARD: have been involved in design, drafting the manu-
script and revising it critically for important intellectual
content.
Acknowledgements
We would like to thank the Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior (CAPES), the Fundação de Amparo à Pesquisa do Estado 
de São Paulo (FAPESP) and Fullbright for financial support.Page 7 of 8
(page number not for citation purposes)
Lipids in Health and Disease 2007, 6:16 http://www.lipidworld.com/content/6/1/16Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
References
1. Grundy SM, Denke MA: Dietary influences on serum lipids and
lipoproteins.  J Lipid Res 1990, 31(7):1149-72.
2. Slowing K, Ganado P, Sanz M, Ruiz E, Tejerina T, et al.: Study of gar-
lic extracts and fractions on cholesterol plasma levels and
vascular reactivity in cholesterol-fed rats.  J Nutr 2001,
131:994S-999S.
3. Manzonni MSJ, Souza CP, Rossi EA, Carlos IZ, Vendramini RC,
Dâmaso A: Obesity and Cholesterol-rich diets.  In Damaso A
Edited by: . Obesity. Rio de Janeiro, MEDSi; 2003. 
4. Cesario V: Introduzione.  Edited by: Angeli F. 10 Rapporto Sull'
Obesitá In Italia, Instituto Auxologico Italiano, Instituto Di Ricovero e
Cura a Caratteres Cientifico; 1999. 
5. Epstein LH, Valoski AM, Vara LS, Mccurley J, Wisniewski L, Kalarchian
MA, Klein KR, Shrager LR: Effects of decreasing sedentary
behavior and increasing activity on weight change in obese
children.  Health Psychol 1995, 14(2):109-15.
6. Miller TD, Balady GJ, Fletcher GF: Exercise and its role in the pre-
vention and rehabilitation of cardiovascular disease.  Ann
Behav Med 1997, 19(3):220-9.
7. Dâmaso AR: Effects of Acute and Chronic Exercise on Lipid
Metabolism and adipose Tissue Cellularity of Rats during
Lactation and After Weaning.  São Paulo, UNIFESP-EPM; 1996. 
8. Giannini SD: Atherosclerosis and Dyslipidaemia. Clinic and
therapeutic: practical fundaments.  São Paulo, BG Cultural;
1998. 
9. Grandjean PW, Crouse SF, Rohack JJ, et al.: Influence of choles-
terol status on blood lipid and lipoprotein enzyme responses
to aerobic exercise.  J Appl Physiol 2000, 89:472-480.
10. Deshaies Y, Leblanc J, Richard D: Influence of a palatable, high-
fat diet, and exercise training on the high-density lipoprotein
to total cholesterol ratio in the rat.  Metabolism 1986,
32(1):62-5.
11. Liu Ch, Huang MT, Huang PC: Sources of triacylglycerol accu-
mulation in livers of rats fed a cholesterol-supplemented
diet.  Lipids 1995, 30(6):527-31.
12. Hozumi T, Yoshida M, Ishida Y, Mimoto H, Sawa J, Doi K, Kazumi T:
Long term effects of dietary fiber supplementation on serum
glucose and lipoprotein levels in diabetic rats fed a high cho-
lesterol diet.  Endocrinol J 1995, 42(2):187-192.
13. Naveh E, Werman MJ, Sabo E, Neeman I, et al.: Defatted avocado
pulp reduces body weight and total hepatic fat but increases
plasma cholesterol in male rats fed diets with cholesterol.  J
Nutr 2002, 132:2015-2018.
14. Zulet MA, Barber A, Garcin H, Higueret P, Martynez JA: Alterations
in Carbohydrate and Lipid Metabolism Induced by a Diet
Rich in Coconut Oil and Cholesterol in a Rat Model.  J Am Coll
Nutr 1999, 18(1):36-42.
15. Lin DS, Connor WE: The long term effects of dietary choles-
terol upon the plasma lipids, lipoproteins, cholesterol
absorption, and the sterol balance in man: the demonstra-
tion of feedback inhibition of cholesterol biosynthesis and
increased bile acid excretion.  J Lipid Res 1980, 21:1042-1052.
16. Blackburn GL, Kanders BS: Obesity pathophysiology psychology
and treatment.  Chapman & Hall, USA; 1994. 
17. Chiang MT, Chen YC, Huang AL: Plasma lipoprotein cholesterol
levels in rats fed a diet enriched in cholesterol and cholic
acid.  Int J Vitam Nutr Res 1988, 68(5):328-34.
18. Yan Y, Zhang Y, Yang X, Hua Q: Effects of aerobic exercise on
regulation of activities of hepatic low density lipoprotein
receptor in hypercholesterolemic rats.  Zhongguo Ying Yong
Sheng Li Xue Za Zh 1997, 13(1):18-20.
19. Ensign WY, McNamara DJ, Fernandez ML: Exercise improves
plasma lipid profiles and modifies lipoprotein composition in
guinea pigs.  J Nutr Biochem 2002, 13(12):747-753.
20. Brooks GA, Mercier J: Balance of carbohydrate and lipid utiliza-
tion during exercise: The "crossover" concept.  J Appl Physiol
1994, 76(6):2253-61.
21. Gill JM, Murphy MH, Hardman AE: Postprandial lipemia: effects
of intermittent versus continuous exercise.  Med Sci Exerc 1988,
30(10):1515-1520.
22. Vasankari TJ, Kujala UM, Vasankari TM, Ahotupa M: Reduced oxi-
dized LDL levels after a 10-month exercise program.  Med Sci
Sports Exerc 1988, 30(10):1496-1501.
23. Wilcox AR: The effects of caffeine and exercise on body
weight, fat-pad weight, and fat-cell size.  Med Sci Sports Exerc
1988, 14(4):317-21.
24. Hongu N, Sachan DS: Caffeine, carnitine and choline supple-
mentation of rats decreases body fat and serum leptin con-
centration as does exercise.  J Nutr 2000, 130(2):152-7.
25. Pasman WJ, Saris WHM, Muls E, Vansant G, Westerterp-Plantenga
MS: Effects of exercise training on long-term weight mainte-
nance in weight-reduced men.  Metabolism 1999, 48(1):15-21.
26. Woody CJ, Weber SL, Laubach HE, Ingram-Willey V, Amini-Alashti P,
Sturbaum BA: The effects of chronic exercise on metabolic and
reproductive functions in male rats.  Life Sci 1988, 62(4):327-32.
27. Ueno N, Oh-Ishi S, Kizaki T, Nishida M, Ohno H: Effects of swim-
ming training on brown-adipose-tissue activity in obese ob/
ob mice: GDP binding and UCP m-RNA expression.  Res Com-
mun Mol Pathol Pharmacol 1997, 95(1):92-104.
28. Tulp OL, Jones CT: Effects of increased energy expenditure on
weight gain and adiposity in the LA-corpulent rat.  Comp Bio-
chem Physiol 1987, 86(1):67-72.
29. Newby FD, Sykes MN, Digirolamo M: Regional differences in adi-
pocyte lactate production from glucose.  Am J Physiol 1988,
225(18):716-22.
30. Couto GEC: Effects of Physical Continuous Exercise on Lipid
Metabolism of Rats Become Obese by Monossodic Gluta-
mate Treatment.  São Paulo, UNIFESP/EPM; 1995. 
31. Kovanen PT, Nikkila EA, Miettinen TA: Regulation of cholesterol
synthesis and storage in fat cells.  J Lipid Res 1975, 16:211-23.
32. Portillo MP, Simon E, Garcia-Calonge MA, Del-Barrio AS: Effect of
high-fat diet on lypolisis in isolated adipocytes from visceral
and subcutaneous WAT.  Eur J Nutr 1999, 38(4):177-82.
33. Bukowiecki LJ: Regulation of energy expenditure in brown adi-
pose tissue.  Int J Obes 1985, 9:31-42.
34. Rossi EA, Vendramini RC, Carlos IZ, Ueiji IS, Squinzari MM, Silva JRSI,
Valdez GF: Effects of a novel fermented soy product on the
serum lipids of hypercholesterolemic rabbit.  Brazilian Cardiol
Arch 2000, 74(3):213-16.
35. Guerra RLF, Cunha CT, Montes RS, Santili JA, Dias AG, Dâmaso AR:
Effects of chronic exercise plus nutritional orientation on
lipid parameters of obese women.  Brazilian Physiotherapy Journal
2002, 6(1):1-7.
36. Hirsch J, Gallian E: Methods for determination of adipose cell
size in man and animals.  J Lipid Res 1968, 9:110-119.Page 8 of 8
(page number not for citation purposes)
